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1 
This invention relates fo polymeric organo- 
boron compounds and to methods for their pre- 
paration. 
Organo-boron compounds of various types are 
described in the literature. Of the known or- 5 
gano-boron compounds, those having the. boron 
atoms bonded to a nftrogen atom are among the 
most stable. Because of this stability such c0m- 
pounds are desirable for use in various applica  
tions, but the hitherto known methods for pro- 10 
ducing a boron-nitrogen bond are not entirely 
satisfactory. 
It is an object of this invention to provide 
new organo-boron compounds and methods for 
their preparation. A further object is to pro- 15 
vide an improved method for producing the 
boron-nitrogen bond. Another object is to pro- 
vide organo-boron compounds containing the 
:B--N: group. A still further object is to pro- 
vide new organo-boron polymeric compounds. 20 
Other objects will appear hereinafter. 
These objects are accomplished by the follow- 
ing invention of N-boroureas and a process for 
preparing them which comprises heatinga 
boronic acid or an ester thereof with a diurea 25 
having af least one hydrogen atom on each ter- 
minal nitrogen atom at a temperature at which 
the water or alcohol formed in the reaction as 
a by-product is eliminated. The new products 
of this invention are polymeric N-boroureas. 30 
These N-boroureas contain the group 
Preferred compounds of this invention contain 35 
the group 
where  is hydroearbon or ehlorohydroearbon, 
and  particularly preferred compounds ; contain 
the group 
--B--N--C--N-- 
ç H  H 
45 
whereby ç is phenyl. 
These N-boroureas are obtained by heating a 
boronic acid or an ester of a boronic acid, e. g., 
benzeneboronic acid or diethyl benzeneboronate, 
with a diurea or a substituted diurea having at 50 
least one hydrogen atom on each of the two 
terminal amido nitrogen atoms ai a temperature 
of from 100 ° to 300 ° C. until the water or alcohol 
formed as a by-product is eliminated, i. e., va- 
porized from the reaction. The exact tempera- 55 
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ture used is not critical but if should not be so 
high that the reactants or the product are de- 
composed. The heating is conveniently carried 
out at atmospheric pressure, but reduced pres- 
sure can be used if desired. In the latter case 
lower temperatures can be used to remove the 
water or alcohol. At the completion of the reac- 
tion, which is indicated by the cessation of the 
formation of by-product water or alcohol, any 
remaining volatile materials are removed from 
the "reaction mixture by distillation at atmos- 
pheric or reduced pressure,, and the polymeric 
N-borourea remains as a solid residue. 
When a diurea, i..e., a compound containing 
two urea nuclei and having ai least one hydrogen 
on each of the terminal nitrogenatoms, is heated 
with a boronic acid or an ester thereof ai a 
temperature of from 100 ° C. to 300 ° C. under at- 
mospheric or reduced pressure until the water or 
alcohol formed as a by-product is eliminated, 
a polymeric N-borourea is formed. Ai the com- 
pletion of the reaction volatile materials are re- 
moved by heating under reduced pressure and 
the polymeric N-borourea remains as a solid resi- 
due. In this invention the preferred diureas are 
the alkylene diureas having from.1 to 20 carbon 
atoms in the alkylene chain. These preferred 
polymeric N-boroureas bave the recurring struc- 
rural unit 
--B--NH--C--NH--(C H2).--NH--C--NH--"] 
 i  j 
where R is an organic radical, preferably hydro l 
carbon, and  is a positive integer from 1 to 20. 
The invention is illustrated by the following 
examples in which the proportions of ingredients 
are expressed in parts by weight unless other- 
wise noted. . 
A mixture of 12.2 parts of benzeneboronic acid 
and 20.2 parts of hexamethylene diurea is pul- 
verized in a mortar and the mixture is then 
heated in a reaction vessel for 10 minutes ai 225- 
240 ° C. A viscous melt is formed which is then 
heated for 35 minutes ai 240-265 ° C. and for 
another 25 minutes ai 260-265 ° C.under a pres- 
sure of 15 mm. of mercury. The resulting poly- 
meric N-borourea is a light yellow brittle solid 
amounting to 26 parts. This polymer is soluble 
in phenol and formic acid, slightiy soluble in 
benzene, and insoluble in methanol, ethanol, 
acetone, chloroform, carbon tetrachloride, di- 
oxane, water, acetic acid, and dimethylform- 
amide. Analyses indicate that the polymer con-. 
tains 5.8 % boron and 19.1% nitrogen. The poly- 



mer sotens ata temperature of 225 ° C. and can 
be pressed into films at 250 ° C. which are clear, 
colorless and strong. 
Example II 
A mixture of 17.S parts of diethyl benzene- 
boronate and 20.2 parts of hexamethylenediurea 
is placed in a reaction vessel and heated for 2.5 
hours at 190-200 ° C. The volatile materials are 
removed from the reaction mixture by distfl.la: 
tion at atmospheric pressure. The non-volátile 
solid residue from this distfllation is. puterized 
in a mortar, washed with acetone an dried. 
There is obtained 22 parts of polymerc N-boro- 
urea containing 2.0 % boron an4 20.1% nitrogem 
This polymer softens at 105 « C. and cän be 
pressed into films at the saine temperature. 
In addition to the benzeneboronic acïd and 
ethyl benzeneboronate employed in the above 
example auy o.th b.0ronic.acid or ester there0f 
in v¢hih the b0roc, acid or este group, la the 
s.l. .ea¢ve. group can be usedL in. the process 
0£. his invention. Thes: include the aliphatic, 
aromatc, cyctoatphtie, saturated and unsatu- 
rate,, ty_docarb0n, chl0rohydrocab0n, alkoxy 
ly.drocarb0n and aryloxyhydrocarbon boronic 
ae.".t, Other speciflc b0ronic, acids of these types 
h!ch cr be emp_loyed include pvtolueneboronic 
aid, bu_aneborQri.c aCid, altylbor0nic acid, beta- 
ehlprovinylboronic acid, cyclohexaneboronic acid, 
lhenylmethaneboronie acid, alphanaphthalene- 
boronic ac. id» prehl0robenzeneboronic acid, p- 
ph!exbenzenebor_onic acid, and p-methoxy- 
b¢.nzeneho_ronia acid: tAkewise, esters o£ these 
açids w, itl anY. alcohl are aise operable_in the 
pr0ces of.. this invention. Specifl« examples of 
su_eh esters, inOude, the methyl, .ethyl, butyl, 
hexyl, an_d phenyl estera of the above-named 
lOontC, acids. Since the: alcohol radical of the 40 
be.r.onip acid ester, merely ferres a by-product in 
t.l. e reaottor it!a preterable, for economlc reasons, 
t as.boronic esters of. the tercet aliphatic alco- 
ho.l., i, e., al.t)hatic m0nohydriG alcohots having 
1. t 6. cabon atoms. A particutarly preferred 
c!ass of-.boronic acids, and. their esters, for use in 
.. e:lrQcesa of this invention, ae thosa containing 
-the 
--CC--B group , 
 I 50 
e. g., nzeneloronie acid, p-mlueneboronic acid, 
bta-chlgrovinytlornic acld, anc their esters. 
These bornic acids and: esters are in general 
m0r.eressantte oxidafie cleavage:of, the boron- 55 
oe-bç, bond. thar those= containing the 
--CH2-- group . 
In addition to the specîfic diurea of the ex- 
amples, atw. etlïer-- diurC having a- Ieas one 
tîdragerr atem.en acI fermînal amido nitrogen 
can. be used in the- practice 0f--this invention. 
Specifl.- examples of. diureas th-can be sub- 
stitutad, for.thse.of the exemples, include-biurèt, 6 
NHCNHCNH 
açd;heï alk!ene, diureas, e. g., methylene«, eth- 
!enef. hexamçthylener,, decamethylene-, and 7o 
o¢teçanthylenediureas.. The alkylene 
.urej hWg- sIkylene radicals, er frein I te. 20 
cçb..n., at.n.< ae esially pr.eferred for pro.- 
à.u. in thçpemeric N«boroureas of this 
tien.- - 75 

The preferred polymeric N-boroureas bave the 
recurring structural unit 
I---B--N]:[--C--NH--(C H) »--NH--C--NH---] 
where n is a positive integer from 1 tff 20 and 
R is hydrocarbon or chlorohyocarbon, paicu- 
larly hydrocarbon or chlorohydrocarbon con- 
taing the 
group rectly joineoE  boron. However, R can 
be any monoVent hydrocarbon or chlorohydro- 
cärbon racal, for example, alkyl such as meyl, 
kenyl. such as ayl, coroalkenyl such as 
cblorovinyl, cycloalkyl such as cyclohexyl, aryl 
such as phenyl, naphyl and tolyl, or chloro- 
aryl such as chlorophenyl. drocarbon and 
chloohydocarbon racals of from 1 to 20 car- 
bon ams are esialyeferred. 
The proposions of the boroc acioE Oç ester 
and the diurea ed in the practice of thu : 
vention are not Ctical. Peferably they are 
used in equim01ecular proportio howeVer, an 
excess of eier reaant tan be use if desed, 
The polymec N-borou oï this invtion 
are useful for e preparati or shaped articles 
such as fibe ànd films. 
As many apparenfly widely diffemn bodi- 
ments of th invention may be mde wïthout 
depafing from the spirit and scope theof, if 
is fo be unoEerstood that ts invention is hot 
limited to the specific emboments ereof ex- 
cept as defined in the appended claires. 
1. A pocess for preparing a poteric N- 
borourea WhiCh comprises reacting a comPod 
selected from the oup coting o bidet and 
an alkylene diea hang at le one hydrogen 
am on each tina!. trog atom wih a 
compound sele¢ted from the o .consisng of 
hydrocarbon, chloçohydmcarbon, alkohydr- 
carbon and arylohydrocarbon bomnic aci and 
monohyIc alcohol esters eref: sIoE reàcoEnSs 
beg heate d bel0w 3  C. to a temperate a 
wch a compound from ghe' clss stig o 
waer and alc:ohol formed in the. rection is 
vaperized from the rcaction mte. 
2. A process f prepaing a otymermc N 
borourea which comprises heutïng below 300  
C. an alkylene diurea having at least one hy- 
drogen am on each terminal trogen atom 
with a hydrocarbon boronic acid to a temperate 
at which water formed i= the reactidn îs va- 
porized from the reaction xture. 
3. A process for preping a polec N- 
boroea wch composes heating below 300  
C. an alkylene urea having at let one hy- 
drogen-am on each terminal rogen at 
wih hydrocarbo.n boonat to a temperate 
at which alcohol foed in the reactiÇn, is va 
porized from the reaction mture. 
4. A process for preparing a poleric N- 
borourea wch comprises heating below 300  
C. beeneboroc acîd with hemelene 
diurea te a temperate at wzh water foed 
in. e reacon is vapoze frein e rea 
mixture. 
5 A. process for Preparg. a potymerie N 
boroea wch comises heag belew 30  
C, ethyl benzeornate, with hemtene 
urea to a temperature at which aloehl fomed 
in the reactin is vapored om the rea¢on 
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6. A polymeric N-borourea having as the sole 
recurrlng structural units 
--B--NH--C--NH--( C H) .--NH--C 
   J 
wherein  is a positive integer rom 1 to .O and 
R is a member selected from the group consisting 
of hydrocarbon, chlorohydrocarbon, alkoxyhy- 
drocarbon and aryloxyhydrocarbon radicals. 
7. A polymerlc N-borourea having as the sole 10 
recurring structural units 
--B --NH--C--NH--( C Hs) »--NH--C 
 i  j 
werel , s a po.'1tlve lLege ro 1 to .0 ad 1 

6 
8. A polymerl¢ N-borourea havlng as the sole 
recurring structural units 
--B--NH--C--NIII( C H)--NHIC--NH -- ] 
wherein ç is the phenyl radical, 
ROBERT V. 
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